Obesity is an established risk factor for various diseases and weight loss is important to improve these comorbidities. Although exercise is effective to suppress obesity, obesityrelated respiratory disorders are likely deterrents of physical activity. Therefore, it is important to clarify the role of exercise therapy in the treatment of obesity, especially the extent to which it is valid for obesity-related respiratory disorders.
Services Human Ⅰ. Obesity and weight loss therapy
Obesity is a condition wherein the excess energy of an individual accumulates over a certain level as fat, and is defined to be BMI≧30 kg/m 2 as per the WHO (World Health Organization) standards. The prevalence of obesity has increased worldwide over the decade, which is now not only a personal health complication but also a serious socioeconomic problem.
Obesity is known to be a risk factor for various diseases such as hypertension, type 2 diabetes mellitus, dyslipidemia, cardiovascular disease, orthopedic disease, and respiratory disease.
Weight loss is important to improve obesity-related comorbidities. Various methods that are employed to lose weight includes diet, exercise therapy, drug therapy, behavioral therapy, and surgical treatment. A comprehensive care involving a designated medical team is of utmost importance in mitigating the perils associated with obesity.
Exercise therapy not only increases energy consumption but also has several consequences such as improved exercise tolerance, better coronary circulation, augmented skeletal muscle function, enhanced insulin sensitivity, and controlled inflammation. It has been reported earlier, that an increase in physical activity suppresses obesity (Koh-Banerjee, Chu, Spiegelman et al., 2003). We note, however, that obesity-related respiratory disorders such as dyspnea on exertion, hypoxemia due to obesity hypoventilation syndrome (OHS), and daytime sleepiness due to sleep apnea syndrome (SAS) are potential barriers towards the improvement in physical activity. Therefore, it is important to clarify the role of exercise therapy in the treatment of obesity, especially the extent to which it is valid for obesity-related respiratory disorders.
Ⅱ. Obesity related respiratory disorders
Various respiratory disorders occur with the progression of obesity. Specifically, the effects of obesity on respiratory function have been reported to decrease lung volume, reduce respiratory compliance, increase respiratory rate, and increase airway resistance (Littleton, 2013) . In particular, it is known that a decrease in expiratory reserve volume (ERV) and functional residual capacity (FRC) among lung volumes is related to the degree of obesity (Jones & Nzekwu, 2006) (Figure 1 ). In obese individuals, fat deposits around the ribs, around the diaphragm and in the abdominal cavity reduce respiratory thorax compliance. In severe obesity, tidal volume (TV) decreases due to decreased chest wall compliance and decreased lung volume, thereby increasing the respiratory rate which tends to be shallow with fast breathing. In addition, the airway diameter decreases due 
Ⅲ. Effect of weight loss on obesity-related respiratory dysfunction
There are several studies on the effects of weight loss on respiratory function (Table 1) . For the improvement of respiratory function, bariatric surgery that can significantly results in weight loss is considered to be the most effective. However, at the time of significant weight loss, there is a concern about the decrease in muscle mass and exercise capacity (Dereppe, Forton, Pauwen et al., 2019). Combining exercise therapy is expected to improve VO2peak and reduce the risk of cardiovascular disease and mortality. Table 2 lists the major randomized controlled trial (RCT)s for the effectiveness of Table 3 lists the RCTs for the effectiveness of exercise for OSA. Most studies showed a reduction in AHI in the exercise group. Moreover, peak VO2 was increased in the exercise group in the report evaluating exercise tolerance.
Surgical treatment enables massive weight loss in morbid obese patients and improves

Ⅴ. Effect of weight loss in obese patients with SAS
Ⅵ. Effect of exercise on obese patients with SAS
Services
Human <Table 3> Effect of exercise on obese patients with OSA FEV1, forced expiratory volume in one second; FVC, forced vital capacity; Pemax, maximal expiratory pressure; Pimax, maximal inspiratory pressure; ODI, Oxygen desaturation index; peakVO2, Peak oxygen consumption; VO2 at AT, oxygen consumption at anaerobic threshold; MET, metabolic equivalents 
Services Human Ⅶ. Conclusion
Weight loss and body fat loss are important for the improvement in conditions of respiratory disorders associated with obesity. In addition, exercise therapy has been suggested to be effective in reducing dyspnea on exertion and sleep apnea or hypopnea independent of the effects of weight loss. Furthermore, exercise therapy has the effect of improving exercise capacity (peak VO2). Since peak VO2 is an independent predictor of cardiovascular risks and mortality, exercise therapy is recommended to improve life prognosis. In surgical treatment for severe obesity, it is considered that a decrease in skeletal muscle mass and a decrease in exercise capacity can be prevented by combining exercise therapy before and after bariatric surgery.
In continuing exercise therapy, it is important to maintain patient motivation to exercise. Aerobic exercise below the anaerobic threshold level allows safe exercise and less breathlessness, leading to maintenance of compliance with exercise. In obese patients with OSA and OHS, use of CPAP is expected to improve daytime sleepiness and increase physical activity. Whether it is diet therapy or surgical weight loss, a comprehensive program combined with exercise therapy may be effective for obese patients with respiratory disorders.
Risk management for other obesity-related comorbidities is also important in promoting exercise therapy for obese patients. Evaluation of cardiovascular disease risk and attention to heart failure symptoms is necessary. In patients with musculoskeletal problems, it is important to consider the type of exercise and the amount of load. In order to continue exercise therapy for a longer period, it is important to set the program according to the lifestyle of each individual.
